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  Abstract— we present in this work the analysis, investigation 
and experimental measurements for a High Data Rate (HDR), 
modulator design for biodevice telemetry over wireless inductive 
coupling. That has been achieving by programming a code 
description and implementation on an FPGA/CLPD.   A new 
VHDL designed n-PSK modulator programmed with VHDL 
code generates digital BPSK, QPSK and 8PSK signals. However, 
comparing to the conventional analogue modulators, this type of 
modulator offers the flexibility to reconfigure and upgrade. The 
system has been designed to operate from inductively coupled 
RF power. Furthermore, we propose a modified a hybrid Class 
E/F power amplifier system design, working at low radio 
frequency;  in this work it is  135 KHz for modulated RF power 
with ASK modulator. The minimum magnetic field and 
powering range of the reader is considered in detail. The 
prototype system has been solved and performance simulated by 
using Matlab/ Simulink and was evaluated by lab measurement.  
 
 Index terms- Biodevices, High data rate, inductive link, VHDL 
digital modulator, CPLD/FPGA, BPSK, QPSK, 8-
PSK  
   
I. INTRODUCTION 
 
              ranscutaneous   wireless      telemetry   is a rapidly       
             developing     technology    for    many    bio-medical      
applications, which are based on a wireless infrastructure 
environment. Both RFID and implantable devices are users of 
these common techniques, using an RF signal for radiated 
power from a reader unit. A small loop coil at the implant 
device captures this magnetic field. In practice, power levels 
are less than a few watts [1, 2, 3]. Increasing data rates for 
acquired uplink data over inductively coupled link, is one of 
the most challenging factors of implantable device 
developments. Typically, in many applications, it has used 
ASK, FSK and BPSK modulation techniques as the most 
suitable for implementation at the implant part [4, 5]. As a 
result of increasing EEG electrodes numbers, or picture 
quality of endoscopy, higher data rates are demanded.  This 
requires an efficient modulator to achieve a high transfer rate 
and low power for biomedical purposes [6, 7]. However, 
hybrid hardware and software can offer a simple design, 
minimize the circuit complexity, and reduce the power 
consumption, size and cost. The VHDL (IEEE standard) 
hardware structure language described can provide digital 
synthesis and flexibility for reconfiguration and upgrading 
[14, 15]. In addition, our proposal considers the n-PSK digital 
modulator to generate digital signals, and has advantages over 
other analogue modulators, which suffer less from 
degradation of the bit error rate (BER) while the bandwidth 
efficiency is increased [8]. 
 
II. MODELED DESIGNP   
 
For designing an efficient passive inductive coupling, we 
consider the appropriate modulation techniques to be used 
over the link. Demands are for bi- directional control signals 
and high transfer rate acquisition data from the body. This 
requires an efficient modulator design to achieve high 
transfer rate and low power consumption for biomedical 
applications. Generally, we demonstrate in Figure (1) the 
typical digital schemes applied for bio-devices. The 
architecture of the passive inductive link prototype system 
using the proposed VHDL modulator for transmit data is 
depicted in Figure (2). 
 
 
Figure 1.  Proposed   modulation schemes  over  inductive link system 
T 
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 Figure 2.  The proposed  schemes of the inductive link system 
The circuit has illustrated the reader part, driven by class F 
power amplifier. 1L  tuned at series resonance, where the 
received data coil is tuned in parallel resonance 2L . The 
implant part consists of two coils; 
3L the spiral coil tuned in 
parallel resonance for coupled the RF transmitted. Where the 
data coil has loop antenna 4L  for transmit the modulated 
signal in short range communication. There are different 
techniques to amplify and transmit RF signal such as LSK 
‘Load Shift Keying’ [9, 10].  
 
III. MATHEMATICAL ANALYSIS 
 
For design and fabrication of ideal inductive coupling link in 
the passive telemetry system, there are several factors 
considered in the design and analysis of inductors for 
generating magnetic fields at high frequencies. We describe 
in Figure (3) the influence factors to be considered in 
mathematical calculation for the coupled coils. 
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Figure 3.  The factors and  parameters for coil design 
In practical, the ISM band is a limited frequency band, where 
the carrier becomes higher the parasitic capacitance is mainly 
considered in analysis, which is added to the values of coils 
and capacitors, for accurate calculation. The figure (4) 
presents in lumped equivalent circuit, that illustrate the 
associated parasitic capacitances are adding in the circuit with  
 
Figure 4.  The equivalent  coupling cirecuit   
The components of coupling link circuit.  The quality factor 
of both tuned circuits is the key parameter for passive 
telemetry system performance [11]. The power efficiency is 
subsequently critically affected by the coil’s quality factors 
Q. In practice, for better performances the tuned circuit BW   
should be twice of the signal bandwidth, for optimum 
transmission with less information, distortion. The Q factor of 
the tuned circuit is masked over the RF signal as 
demonstrated in Figure (5). 
 
 
 
Figure 5.  Illustrate the Q factor and carrier BW  spectrum  at reader  
The specification of inductive circuit can be illustrated as:  
 
 
  RF operating frequency                                    f =135 KHz 
  Carrier data frequency                                     f = 12.58MHz 
      Reader coil                                                          Lr =450µH 
        Implant coil                                                        Limp =450µH 
        Data rate                                                                    Up to 3Mbps  
 
The impedance at the resonance frequency (
of ) at implant 
circuit is provided in equation (1);  
22
2
2
2
2
22
2
2 11 Lo
Lo
Lo
L
L RCw
RCwj
RCw
RZ
+
−
+
=
                                                 (1) 
The quality factor for the coil can be calculated by equation 
(2), and the implant Quality factor can be expressed 
mathematically in equation (3) respectively: 
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The transmission efficiency under such condition can be 
defined in equation as:  
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(Where K is the coupling coefficient) 
 
For full recovery of data at implant device, it is essential the 
Q-factor of tuned coupling circuit at reader is at least twice 
the RF signal, as shown in eq (5).  
 
BWcircuittunedFB _2≤                                        (5) 
 
IV. MODULE  SIMULATION 
 
 A. Simulink / MATLAB simulation  
  
The proposed digital VHDL n-PSK modulators codes 
described here generates three different carrier phase sets 
which comprise discrete states as (0°, 180°) for BPSK, (0° , 
90°, 180°, 270°) for QPSK and (0°, 45°, 90° , 135° , 180°, 
225°, 270°, 315°) for 8-PSK. These modulators are simulated 
with MATLAB/Simulink to verify and validate the 
modulators characteristics. Generally, the BPSK modulator is 
composed of digital carrier phase shifter for discrete shifts 
(0°, 180°). Phase selection is controlled by the input binary 
data to perform the transition of the BPSK signal. The second 
proposed modulator is QPSK, which consists of a carrier 
phase shifter, which shifts the input carrier into four different 
phase signals (0°, 90°, 180°, 270°) interfaced to a 
multiplexer. The test data source was generated from, a 
PN_sequeance for mapping two separate streams in-phase ‘I’, 
and quadratuer phase ‘Q’. The output is selected by a 
multiplexer, which provides the digital QPSK signal. The 
third proposed modulator is 8-PSK, which is composed of 
digital carrier phase shifters for discrete eight signals as;  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(0°, 45°, 90°, 135°, 180°, 225°,  270°, 315° ).These carrier 
signals are controlled by binary test data from a 3-bit counter 
that generates 8 symbols in sequence to show the transitions 
of the eight carrier signals. This is fed to an eight inputs 
multiplexer, the output provides 8-PSK digital signal. The 
simulation spectrum of these transmit signals are 
demonstrated in Figure (6) at Data rate 2MHz, over carrier 
frequency at 12. 588MHz. 
 
    
 
Figure 6.  The spectrum of (BPSK, QPSK, 8-PSK) modulated 
signals from Matlab simulation      
B. VHDL model code implementation  
 
The modulators are implemented using VHDL code and built 
by the Altera development kit board [16]. The input data and 
carrier are interfaced into the CPLD/FPGA board. For test 
measurements, we used the local clock, which operates at 
25.175 MHz, giving 12.5 MHz for the carrier and 2Mbps for 
the data rate. The Agilent digital demodulator (E8408AVXI) 
[17], was use to receive the RF n-PSK signals, and analyze 
the parameters of the transmitted signals for BPSK, QPSK 
and 8-PSK. The generated VHDL Behavioral block diagram 
of the 8-PSK modulator is illustrated in figure (7). The BPSK 
and QPSK modulators are performed with the same 
techniques, which are not shown here. In addition we provide 
the measurements, which were conducts using the same 
above tools for testing the VHDL code modulators. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7.  The  Proposed  8-PSK VHDL modulator generated by behavioral code 
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V. RESULTS AND DISCUSSION 
In this section, we provide the measurements, which were 
conducted for testing the VHDL coded n-PSK modulators 
using the Altera Development kit CPLD/FPGA board, 
and comparing the performance with the simulated 
designs. The measured signals demonstrate the 
constellation diagrams for the received signals as figures: 
(8) BPSK signal, (9) QPSK and (10) 8-PSK signal 
respectively. 
 
 
 
Figure 8.     The constellation diagram of the received signal 
from the proposed  BPSK  Modulator at data  rate 2Mbps     
 
Figure 9.  The constellation diagram of  the recevied signal 
from the proposed QPSK Modulator at 2Mbps 
   
Figure 10.  The constellation diagram of  the recvied  signal 
from the proposed 8-PSK Modulator  over inductive link   
VI. CONCLUSION 
We introduce in this paper, a new n-PSK digital 
modulators implementation for high data rates over 
transcutaneous wireless telemetry links, which is 
appropriate for many biomedical applications. Such as 
endoscopy, pacemaker, neural implants device and 
intraocular devics. The modulators were simulated with in 
the MATLAB/Simulink environment successfully 
designed and implemented with VHDL programming 
code. The experimental measurements are presented for 
BPSK, QPSK and 8-PSK at carrier frequency 12.588MHz 
and different data inputs tested up to 3Mbps. As future 
work, we are still investigating different topologies for 
reducing the power and size by using ultra low power 
CPLD/FPGA devices for implantable biomedical 
telemetry purposes. 
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